Introduction

36
Cereal foods in various forms are an essential component of the daily diet. Rice is one 37 of the most consumed cereals worldwide. Nutritionally it is an important source of 38 carbohydrates, vitamin B6, zinc and copper but it contains the lowest protein and dietary 39 fibre content among cereals [1] . 40
41
In principle, rice can be modified by germination to improve its functionality. Starch 42 represents the main reserve compound in the rice grains [2] . This polysaccharide is 43 stored mainly in the endosperm where it is hydrolyzed during germination to provide 44 soluble sugars to the germinating seedling [3] . Starch degradation is a complex 45 biochemical process, which is modulated by both hormonal and metabolic regulation [4] . 46
A set of enzymes are needed to carry out the starch breakdown: α-amylase, β-amylase, 47 debranching enzyme, and α-glucosidase [5] . Both α-glucosidase and α-amylase are 48 able to degrade native starch granules, but the later enzyme plays the main role in this 49 process and it is the key enzyme in starch hydrolysis. 50
51
During the saccharification process, other enzymes contained in malted rice are also 52 activated to break down starch and release more sugars and oligosaccharides, 53 especially isomalto-oligosaccharides which are potentially prebiotic [5, 6] . The α-Amylase activity was measured following the increase of reducing sugars with 138 time. 0.5 ml of the supernatant solution was added to 0.5 ml of a 1% soluble starch 139 solution in 0.05 M acetate buffer. The mixture was incubated at 70°
144
C for 15 min in order 140
to inactivate β-amylase, debranching enzyme, and α-glucosidase [24] . One unit of α-141
Amylase activity (U) is then defined as the amount of enzymes required to liberate 1 142 μmol of maltose per min. 143
Determination of α-glucosidase 145 146
The α-glucosidase activity was determined using a modified method of McCue and 147 Shetty [25] . A standard reaction solution is prepared by mixing 0.1 ml of 9 mM p-148 nitrophenol α-D-glucopyranoside and 0.8 ml of 200 mM sodium of acetate buffer at pH 149 4.6 in a glass tube. The tubes were pre-incubated at 50°C for 5 min before addition of 150 0.1 ml of the enzyme extract. The reaction tubes were then incubated for a further 30 151 min. The enzymatic hydrolysis was stopped by addition of 1 ml of 100 mM sodium 152 8 carbonate, and the samples were clarified by centrifugation at 13,500 rpm at room 153 temperature for 5 min. The released p-nitrophenol in each sample was determined by 154 measuring the absorbance at 400 nm compared with the blank. A standard curve was 155 established using pure p-nitrophenol dissolved in sodium acetate buffer. One unit of α-156 glucosidase activity is defined as the amount of enzyme that releases 1 µmol of p-157 nitrophenol per min at pH 4.6 and 50°
159
C under assay conditions. Phenomenex, UK). The injection volume was 20 μl, and the flow rate 1.2 ml/min. For 166 complete separation of the sugars, a mobile phase A (acetronitrile) and a mobile phase 167 B (deionised water) were used in gradient system. The gradient system was 80% of A 168 initially, decreased to 50% in 30 min, increased again to 80% in 5 min and then 169 maintained at 80% for 5 min (the total cycle time was 40 min). The ELSD was set to 170 measure at the evaporator temperature of 90°C, nebulizer temperature of 50° 173 C and gas 171 flow rate of 1.6 ml/min. 172
Results
176
Chemical changes during germination of non-waxy rice RD17 and waxy rice RD6 177
178
This experiment was performed to investigate the chemical changes during the 179 germination of rice varieties RD17 and RD6. These results are shown in Figure 1 . 180
181
Additions of 5 ml of water per kg of rice were done every day in order to compensate for 182 evaporation and to maintain the moisture between 30 and 70%. During the germination 183 of RD17 it was found that the pH decreased slightly from 6.4 to 5.9. TRS and FAN 184 concentrations increased and reached a maximum at day 4 and 5 respectively to then 185 slightly decrease. The amylolytic activity reached a peak value of 72.7 U/g at the fifth 186 day, whereas α-amylase and α-glucosidase reached a maximum of 26.8 and 14.3 U/g 187 respectively at the third day of germination. To activate germination, rice was initially soaked in water to increase kernel moisture. 237
Takahashi [26] reported that the water requirement for germination was dependent on 238 the cultivar and the dormancy period. Hence, both varieties, RD17 and RD6, were 239 soaked for 24 h to obtain a similar moisture content of approximately 27%. The 240 functions of the steep water include initiation of cell elongation, respiration, secretory 241 activity of the embryo and activation of enzymes [27] . Generally, malting must provide 242 enough water to allow germination, but not too much. The grains will actually show a 243 reduction in germination vigour if exposed to an excess of water. For this reason, a 244 12 small amount of water was added every day (0.5 ml/100 g seeds) over the 7-day 245 germination period in order to maintain moisture and prevent dehydration. The moisture 246 content was kept between 30-70%. 247
248
In this experiment, aerobic conditions were maintained throughout germination. 249
Although it has been reported that rice seeds can germinate and grow at much lower 250 oxygen concentrations than many other plants, gaseous concentrations below 0.3% 251 retard germination, decrease growth, and reduce the root/shoot ratio [28] . The differences observed between RD6 and RD17 could be due to their different protein 270 content and protease activity [37, 38] . oligosaccharices. The activity of these enzymes increases during the first 3 days of 285 germination to then decrease steadily. This is also reflected in the TRS profile where 286 after three days the concentration in the grain also decreases due to the formation of the 287 new plant. As a whole the amylolytic actitivy increases till day 5. The differences 288 observed between waxy (RD6) and non-waxy rice (RD17) could be due to the different 289 amylose/amylopectin ratio. 290 14 random locations within the starch chain. The hydrolysis slows down near the chain 293 ends and stops at α-(1→6) branches. This enzyme acting on its own is able to degrade 294 starch into a complex mixture of sugars including glucose, maltose, maltotriose and a 295 wide range of dextrins, some of which containing α-(1→6) link branches. α-Glucosidase 296 is able to hydrolyse α-(1→4) or α-(1→6) linkages, and release molecules of glucose 297 from the non-reducing end. This enzyme is also able to transfer sugar moieties or 298 groups of sugar residues from one compound to another with the formation of a similar 299 or a distinct type of linkage. Thus, a α-(1→4) link in a chain might be broken and the 300 separated end could be joined to the same or a different chain via either an α-(1→4) or 301 α-(1→6) link. The product of this hydrolysis could be of maltose, isomaltose, panose, 302 isomaltose or long chains of oligosaccharides. 303 304 Figure 2 shows the evolution of all the sugars measured in the grain during the 305 germination of the two rice varieties. The evolution of the glucose and maltose 306 concentrations are very similar in both varieties and the maxima reached after three 307 days of germination are of the same order of magnitude. After three days the 308 concentration decreases, which suggests these sugars are used in the formation roots 309 and shoots. 310
311
The profiles for the other oligosaccarides is complex, which reflects the complexity of the 312 enzymatic paths taking place. A major difference between the two varieties is the order 313 of magnitude of the oligosaccharides produced. The waxy variety (RD6) produces 314
oligosaccharide concentrations approximately 10-fold when compared to RD17, which is 315 probably due to the higher levels of amylopectin. Most of these oligosaccharides reach 316 a maximum concentration later on in the germination process, but in some cases (e.g. 317 maltotriose and isomaltotriose in RD17) a maximum concentration is maintain, which 318
indicates that these sugars are not used for plant formation in this particular variety. 319
320
The enzymatic activity generated by germination is maintained during the drying and 321 milling of the grains. These amylolytic enzymes continue to act during mashing resulting 322 
